Th e Red River is a transboundary, multijurisdictional basin where water-quality standards are oft en diff erent across state lines. Th e state agencies with USEPA Region VI focused resources to organize water-quality data from within this basin and have it statistically analyzed to evaluate the relationships between nutrients and sestonic chlorophyll-a (chl-a). Th ere were 152 sites within the Red River basin that had nutrient and sestonic chl-a measurements; these sites were narrowed down to 132 when a minimum number of observations was required. Sestonic chl-a levels increased with increasing nutrient concentrations; these regressions were used to predict nutrient concentrations at 10 μg chl-a L . Nutrient thresholds were also observed with sestonic chl-a at 0.14 mg TP L −1 and 0.74 mg TN L −1 using categorical and regression tree analysis (CART). Th e CART analysis also revealed that hierarchical structure was important when attempting to predict sestonic chl-a from TN, TP, and conductivity. Th e ranges of TN and TP concentrations that resulted in chl-a concentrations that exceeded 10 μg chl-a L −1 were similar in magnitude to the threshold in TN and TP that resulted in increased sestonic chl-a. Th is corroborating evidence provides useful guidance to the states with jurisdiction within the Red River basin for establishing nutrient criteria, which may be similar when the Red River and its tributaries cross political boundaries.
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Sestonic Chlorophyll-a Shows Hierarchical Structure and Thresholds with Nutrients across the Red River Basin, USA Brian E. Haggard,* J. Thad Scott, and Scott D. Longing N utrient pollution from both point sources (e.g., industrial discharge and effl uent wastewater) and nonpoint sources (e.g., agricultural and urban land uses) is a major stressor of aquatic ecosystems worldwide (Burkart and James, 1999; Turner and Rabalais, 2004; Sharpley et al., 2009) . Th e Water Quality Report to U.S. Congress in 2004 indicated that over 36% of assessed stream and river miles were impaired due to nutrients (USEPA, 2004 ). An important water quality issue in the United States includes the hypoxic zone in the Gulf of Mexico, which has been linked to anthropogenic nutrient exports from the Atchafalaya and Mississippi River basins in the central and southern United States. In this hypoxic zone, elevated primary productivity caused by excess nutrients allows seasonal accumulations of organic matter to decompose and consume oxygen (Diaz and Rosenberg, 1995; Diaz, 2001; Rowe, 2001) . Nutrients have become a major concern in other major U.S. estuarine and coastal environments, where a variety of ecosystem functions are impacted (Cooper and Brush, 1991; Paerl, 1997; Yu et al., 2008; Brush, 2009) .
Eff ectively managing the landscape and infl uential subwatersheds within large river basins is essential for both improving aquatic conditions at local or regional scales and reducing impacts from nutrient enrichment further downstream (e.g., coastal and marine zones). For example, management decisions at regional and local scales throughout the Mississippi River basin, which covers 41% of total land area of the conterminous United States, ultimately aff ects water quality in the Gulf of Mexico. Eff orts have been made to identify anthropogenic nutrient sources in the Mississippi River basin and to prioritize areas for best management practices (David et al., 2010) . While protection of aquatic ecosystem services (e.g., water quality, biodiversity, and fi sheries) has become a paramount concern of watershed management programs at the state and tribal level, few numeric criteria exist that can be used to guide these programs. To address this limitation, the USEPA has charged states and tribes with establishing numeric criteria so that nutrient threat and or impairment can be detected and waterbody conditions assessed routinely (USEPA, 2000) . However, establishing criteria has proven to be no easy task, and only a few states have recently promulgated nutrient criteria specifi c to streams and rivers (e.g., New Jersey, Hawaii, Vermont, Oregon, Montana, and Florida). Many of the states with specifi c nutrient criteria developed these values for select streams and not as statewide criteria.
Water quality and habitat degradation from anthropogenic sources infl uence the ecological properties of complex, natural systems. Th is complexity makes it diffi cult to establish nutrient criteria in part because of the high level of environmental heterogeneity and the wide array of nutrient sources across watersheds. However, links between nutrients and biological conditions have been determined in numerous studies (Wang et al., 2007; Stevenson et al., 2008; Evans-White et al., 2009; Black et al., 2011; Chambers et al., 2012) , and these relationships provide strong evidence showing that increasing nutrient concentrations have an eff ect on aquatic life. Furthermore, several statistical techniques have been used in recent years to relate nutrient thresholds and some biological attributes (Qian et al., 2003; King and Richardson 2003) . Accordingly, state and tribal regulatory programs have a variety of strategies and statistical procedures to support developing specifi c numeric criterion. Multiple lines of evidence are oft en used in criteria development, including (i) statistical distributions of available nutrient data, (ii) statistical relations between nutrients and various biological attributes, and (iii) literature reviews on nutrient criteria development.
Th e purpose of this study was to investigate the relationships between sestonic chlorophyll-a (chl-a) and nutrients in the multijurisdictional Red River basin that spans fi ve states: Arkansas, Louisiana, New Mexico, Oklahoma, and Texas. A previous study established the statistical distributions of median nutrient concentrations across 589 stations on the Red River and its tributaries; these site-specifi c data were compared to USEPA-recommended nutrient criteria for 14 nutrient ecoregions (Longing and Haggard, 2010) . We seek to build on that project, providing another line of evidence to assist the fi ve states in the Red River basin when developing nutrient criteria. Th e two specifi c objectives of this study were to establish relationships between nutrients and sestonic chl-a using simple linear regression and to detect thresholds related to nonlinear responses in chl-a concentrations along the nutrient concentration gradient. Th e use of linear regression requires the selection of an endpoint, i.e., a sestonic chl-a concentration, from which to derive a given nutrient concentration, and a sestonic chl-a concentration of 10 μg L −1 was selected on the basis of discussions with the states spanning the Red River basin.
Materials and Methods

Study Area
Th e Red River is located in the south-central United States and is the southernmost major watershed of the Mississippi River basin that drains portions of fi ve states (Arkansas, Oklahoma, Louisiana, New Mexico, and Texas) and ultimately enters the Gulf of Mexico. Th e headwaters of the Red River drain the Texas panhandle and eastern New Mexico, and the river fl ows east where its banks become the boundary between Oklahoma and Texas, except where it is impounded to form Lake Texoma. Th e river continues east and then south where it forms the boundary between Texas and Arkansas, and then fl ows into Louisiana. Th e Red River merges with the Atchafalaya River, and it fl ows into through the Atchafalaya Delta and Bay into the Gulf of Mexico. We designated Alexandria, LA, as the downstream point used to delineate the Red River basin (Longing and Haggard, 2010 
Data Sources
Nutrient and sestonic chl-a data were compiled from the Oklahoma Water Resources Board (OWRB) and the Texas Commission on Environmental Quality (TCEQ) and subsequently used in this analysis. All data were prepared following a quality assurance project plan that detailed use of secondary data, and the specifi cs of data collections depended on the data source. Th erefore, besides some data screening (see Longing and Haggard, 2010) and ensuring that parameter units were similar across sources, there were no further data manipulations. Water quality parameters were combined into one spreadsheet and assigned an unique station identifi cation. Th e watersheds were delineated from station GPS coordinates and digital elevation models and then eco-region was determined for each site.
Data Analyses
Th e compiled dataset containing chl-a data (OWRB and TCEQ) included 152 individual stations having at least one chl-a measurement. Principal components analysis (PCA via PC-ORD, MjM, Glenedon Beach, OR) was used to initially explore patterns in the data and to determine potential outliers that might infl uence relationships of nutrients and chl-a. Principal components analysis is a multivariate ordination procedure that transforms a set of correlated parameters into uncorrelated variables or synthetic axes (i.e., principal components) that explains the most variation among sites. We conducted outlier analysis by fl agging stations that fell greater than two standard deviations from the centroid of the dataset using Euclidean distances (McCune and Grace, 2002) . Additionally, we extracted a "qualifi er" database that was limited to sites that had at least four sestonic chl-a observations over the time period evaluated. Th ese procedures resulted in a total of 20 stations being removed from the overall dataset, so that the number of sites reduced from 152 to 132 in the qualifi er dataset.
For all analyses, we explored the relationship between nutrient concentrations (dissolved phosphorus [DP], total P [TP], nitrate-nitrogen , total N [TN]), electrical conductivity, and chl-a. Linear regression analysis was used to determine relationships between nutrient concentrations and sestonic chl-a using both raw median data and transformed median data (log 10 ) from both datasets. Th e log-log regressions were used to provide an equation from which we estimated what the nutrient concentration would be corresponding to a sestonic chl-a concentration of 10 μg L −1
. Because retransformation from log-log regression equations oft en results in bias, we also used a simplifi ed bias correction factor (BCF; Helsel and Hirsch, 2002) to adjust the estimated nutrient concentration:
where n is the number of observations and e i is the residual or diff erence between the measured and estimated value in log 10 units, and the retransformed value can be multiplied by the BCF.
Because biological response to nutrient gradients may be subtle and diffi cult to detect with linear regression analysis, categorical and regression tree (CART) analysis was used to determine thresholds at which median chl-a variation changed across median nutrient concentrations or conductivity. CART analysis is very useful for resolving nonlinear, hierarchical, and high-order interactions among predictor variables (De' Ath and Fabricius, 2000) and for detecting numerical values that lead to ecological changes (Qian et al., 2003) . CART models use recursive partitioning to separate data into subsets that are increasingly homogeneous. CART analyses were performed using the MVPART library in R 2.8.1 (http://www.r-project. org/), requiring a minimum of 20 observations to be used in any single split and that each terminal node in the model had a minimum of 10 observations. CART analysis is insensitive to missing data and outliers, so this analysis was conducted on the complete dataset that included median values from all 152 individual stations. CART results for each node in the tree were verifi ed using nonparametric change point analysis in the R 2.8.1 soft ware (Qian et al., 2003, King and . Th is extension allowed us to compute probability values for each change point included in the tree and the 95% confi dence interval of each threshold using a bootstrapping technique with 1000 random permutations.
Results
Sestonic chl-a increased within increasing nutrient concentrations, showing positive correlations with DP, TP, NO 3 -N, and TN (Table 1, P < 0.01). When using the database that contained all sites (requiring only one observation per site), nutrients explained from 6% (NO 3 -N) to 31% (TP) of the variability in sestonic chl-a concentrations (Fig. 1) . Th e number of observations used in regression analysis varied with the individual nutrients, ranging from 79 (TN) to 132 (TP). Th e log-log regression was used to estimate the nutrient concentration corresponding to 10 μg chl-a L −1 , resulting in retransformed concentrations from 0.10 mg DP L −1 to 2.03 mg TN L −1
. Th e BCFs ranged from 1.61 (TP) to 2.03 (TN), showing how retransformation from log 10 potentially underestimated nutrient concentrations corresponding to 10 μg chl-a L −1 . When using the qualifi er dataset, the number of observations decreased substantially for all nutrient regressions. Th e number of sites with median chl-a and nutrient concentrations varied from 40 (TN) to 81 (TP), showing how few stations had multiple sestonic chl-a measurements. However, even with reduced numbers of observations, sestonic chl-a was positively correlated with DP, TP, NO 3 -N, and TN (Table 2 , P < 0.01). Th e amount of variation in sestonic chl-a explained by nutrients varied from 12% (NO 3 -N) to 37% (TP), where the R 2 increased with the qualifi er dataset relative to all data (except for DP). Th e retransformed nutrient concentrations corresponding to 10 μg chl-a L −1 with the qualifi er dataset were less than those observed with all data, ranging from 0.09 mg DP L −1 to 1.56 mg TN L −1 (Fig. 2) . Th e BCFs ranged from 1.37 (TN) to 1.51 (DP), suggesting that retransformation bias may have underestimated nutrient concentrations by as much as 50%.
Log-log regressions were also explored with qualifi er data specifi c to the four aggregate ecoregions across the Red River basin, GPGS, CEFU, SCCGP, and STFPH (Table 4) . Th e majority of the data was from sites within the SCCGP, and loglog regressions were signifi cant for DP, TP, and TN within this ecoregion. Th e other ecoregions had less than 20 stations with median values, but several signifi cant log-log regressions were observed between nutrients and sestonic chl-a, except for NO 3 . Th e retransformed nutrient concentrations that corresponded to 10 μg chl-a L −1 ranged from 0.03 to 0.11 mg L −1 for DP, 0.11 to 0.23 mg L −1 for TP, and 0.87 to 1.68 mg L −1 for TN across the ecoregions of the Red River basin (Table 3) . Th ese concentrations increase relative to the BCF for each individual regression, where BCFs ranged from 1.01 for TN in the STFPH ecoregion to 1.79 for TP in the GPGS ecoregion.
While the log-log regressions suggested that TP explained the most variance in sestonic chl-a, change point analysis on individual independent variables (including DP, TP, NO 3 -N, TN, and conductivity) showed that TN explained more variance in sestonic chl-a than did TP (Table 4) . Each nutrient and conductivity showed signifi cant change points with sestonic chl-a (Table 4 , P < 0.05), where variance explained was in the 2.03 † DP, dissolved phosphorus; TN, total nitrogen; TP, total phosphorus. ‡ n is the number of source stations used for data analysis; X is the nutrient concentration when Y equals 10 μg chl-a L −1 based on retransformation from the log-log regression; BCF is the bias correction factor that can be used to correct nutrient concentrations for any bias related to retransformation from log 10 .
order TN (30%), TP (24%), conductivity (18%), DP (17%), and NO 3 -N (14%). Th e change points for TN and TP were 0.75 and 0.14 mg L −1 , where median chl-a concentrations were generally above 10 μg L −1 when total nutrient concentrations exceeded these concentrations.
Th e CART analyses indicated that that hierarchical structure existed between nutrients, conductivity, and sestonic chl-a (Fig.  3) . First, TP (0.14 mg L −1 , r 2 = 0.24) was the best predictor of sestonic chl-a. At sites where TP concentrations were less than 0.14 mg L −1 , a second threshold in TN was a good predictor of chl-a (0.74 mg L −1 , r 2 = 0.14). Similarly, at sites where TP concentrations were greater than 0.14 mg TP L −1 , another threshold in conductivity was a good predictor of chl-a (1470 μS cm −1 , r 2 = 0.18). Th e cumulative regression tree explained 56% of the variation in sestonic chl-a and identifi ed three distinct groups of data: (i) sites with low chl-a (2.79 μg L −1 Fig. 1 . The relation between log-transformed nutrients and sestonic chlorophyll-a using all median values from the dataset representing the Red River basin, where the dropdown dashed lines represent concentrations corresponding to 10 μg chlorophyll-a L −1 at the upper and lower 95% confi dence interval about the slope. DP, dissolved phosphorus; TN, total nitrogen; TP, total phosphorus. Table 2 . Regression statistics and nutrient concentrations at a sestonic chlorophyll-a (chl-a) concentration of 10 μg chl-a L −1 based on the log-log regressions using the "qualifi er" dataset representing the Red River basin. 1.37 † DP, dissolved phosphorus; TN, total nitrogen; TP, total phosphorus. ‡ n is the number of source stations used for data analysis; X is the nutrient concentration when Y equals 10 μg chl-a L −1 based on retransformation from the log-log regression; BCF is the bias correction factor that can be used to correct nutrient concentrations for any bias related to retransformation from log 10 .
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on average) where TP and TN were less than 0.14 and 0.74 mg L , respectively, and (iii) sites with chl-a near 10 μg L −1 on average. Th e third group was observed under two scenarios: when TP was less than 0.14 mg L −1 but TN was greater than 0.74 mg L −1 and when TP was greater than 0.14 mg L −1 but conductivity was less than 1470 μS cm −1 .
Discussion
Th e USEPA (2000) stated that the frequency distributions of median nutrient concentrations provides a starting point for which nutrient criteria can be derived, based on the 25th percentile of all data or the 75th percentile of reference conditions. Reference condition has many interpretations, but Stoddard et al. (2006) suggested that this term should be reserved to imply the absence of human disturbance in streams. It is diffi cult to establish where reference conditions may exist because humans have altered the landscape extensively, and others might argue that reference conditions should not apply to streams draining catchments with human-altered landscapes. Specifi c to the Red River basin, Longing and Haggard (2010) presented 25th percentiles of median nutrient concentrations and compared those to values suggested in the USEPA aggregate ecoregion approach (USEPA, 2002) . Th e 25th percentiles were variable between the ecoregions within the Red River basin and that compiled for the aggregate ecoregions. For example, the number of medians that exceeded the USEPA-recommended numeric criteria was over 97% for TP in CEFU, and it was less than 45% for TN in this ecoregion (Longing and Haggard, 2010) . Th e 25th percentile of sestonic chl-a concentrations in the Red River basin ranged from 0.75 to 10 μg chl-a L −1 across the diff erent ecoregions (Longing and Haggard, 2010) , which generally exceeded the values observed by USEPA (2000) for these ecoregions.
Similar to lakes, boundary conditions that separate oligomesotrophic and meso-eutrophic stream conditions have been derived from relationships between TP, TN, and sestonic chl-a for some streams and rivers (Dodds et al., 1998) . Several studies have shown positive linear or curvilinear relations between sestonic chl-a and nutrients in rivers (Van Nieuwenhuyse and Jones, 1996; Lohman and Jones, 1999; Royer et al., 2008; Chambers et al., 2012) , especially when sites downstream from effl uent discharges were excluded in the analysis (Morgan et al., 2006) . Th e database developed by Longing and Haggard (2010) was limited by the availability of sestonic chl-a, but analysis of the available data showed a statistically signifi cant linear regression between sestonic chl-a and nutrients across the Red River basin and within individual ecoregions. Th us, sestonic chl-a would likely be an important indicator of biological response in slowfl owing, larger rivers like the Red River and its larger tributaries, as suggested by Royer et al. (2008) for larger rivers in Illinois.
Several studies have used these observed relations between nutrients and sestonic chl-a in a predictive manner, estimating either variable based on a given value. For example, Dodds (2006) suggested that 0.071 mg TP L −1 (representing the upper third of reference conditions from Smith et al., 2003) corresponded to 11.9 μg chl-a L −1 (based on nutrient-chl relation in Van Nieuwenhuyse and Jones, 1996) . We presented nutrient concentrations that correspond to 10 μg chl-a L −1 based on the signifi cant log-log regressions, showing the 95% confi dence intervals of the regression. Initially, the 10 μg chl-a L −1 was an arbitrary value selected by the states within the Red River basin, but we found corroborating evidence supporting this number from the literature (Dodds, 2006) and more important, from the regression tree analysis derived in this study. Th e nutrient concentrations corresponding to 10 μg chl-a L −1 were variable for TN (0.87-2.11 mg L −1 ) and TP (0.11-0.23 mg L −1 ) across the Red River basin and its ecoregions (Tables 1-3) . Th e confi dence interval about these concentrations varied from a doubling to an order of magnitude change between the low and high ends ( Fig. 1 and 2) . Th ese linear regressions were signifi cant across the Red River basin and its ecoregions, but the amount of variation explained by nutrients was between 6 and 98% depending on the number of observations. Th e regressions using the qualifi er dataset across the whole basin showed that nutrients explained between 12 and 37% of the variability in sestonic chl-a. Th ere is Table 3 . Regression statistics and nutrient concentrations at a sestonic chlorophyll-a (chl-a) concentration of 10 μg chl-a L −1 based on the log-log regressions using the "qualifi er" dataset representing the aggregate ecoregions across the Red River basin. 01 † DP, dissolved phosphorus; TN, total nitrogen; TP, total phosphorus. ‡ n is the number of source stations used for data analysis; X is the nutrient concentration when Y equals 10 μg chl-a L −1 based on retransformation from the log-log regression. 14.7 ± 1.65 [63] † DP, dissolved phosphorus; TN, total nitrogen; TP, total phosphorus. ‡ Mean here is the mean of median sestonic chl-a concentrations used in the analysis. § n denotes the number of observations used to estimate the chl-a mean and standard error; the mean here refers to the average of the site medians above and below the individual change points.
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variability not accounted for that needs to be considered when using these regressions, such as catchment area, time since last high fl ow event, and other well-known physical controls on biological activity in streams.
Sestonic chl-a may provide a reliable basis for evaluating the infl uence of total nutrient concentrations (TP and TN) in temperate streams, but the relationship between nutrients and sestonic chl-a can vary with catchment area. Van Nieuwenhuyse and Jones (1996) found that sestonic chl-a response to nutrients (i.e., TP) was 2.3-fold greater with a two-order-magnitude increase in catchment area. Catchment area was signifi cantly related to sestonic chl-a across the Red River basin, where variation in chl-a was signifi cantly diff erent above and below 11,600 km 2 (r 2 = 0.17, data not shown). Th is relationship was complicated by high chl-a concentrations observed in smaller streams with relatively high conductivity, as shown in the regression tree analysis (Fig. 3) . When we limited the regression to streams within a selected range of catchment area, it was evident that the nutrient concentrations corresponding to 10 μg chl-a L −1 were greater for streams with smaller catchment and decreased to the values observed for larger database (Fig. 4) .
In these streams, average nutrient concentrations that yielded approximately 10 μg chl-a L −1 were 0.14 mg TP L −1 and 1.56 mg TN L −1 (Table 2) . Th ese threshold values were similar in magnitude to those derived from the complete dataset, which suggests that the larger catchments had the most infl uence on the linear regressions.
Th e importance of nonlinear stressor-response relationships has been observed in several recent studies on the eff ects of nutrient enrichment on aquatic ecosystems (Qian et al., 2003; King and Richardson, 2003; Chambers et al., 2012) . CART analyses indicated that sestonic chl-a across the Red River basin was generally greater when TP was greater than 0.14 mg L −1 , which is greater than most TP-chl-a thresholds reported from other rivers. For example, Royer et al. (2008) suggested an apparent threshold of 0.07 mg TP L −1 was observed in the relationship between sestonic chl-a and TP in Illinois streams, when the stream had a less than 25% open canopy and TP was less than 0.20 mg L −1 . Literature TP thresholds for other biological variables (e.g., benthic chl-a, diatom species, and macroinvertebrate indices) generally varied from <0.01 to 0.10 mg L −1 (Evans-White et al., 2009; Stevenson et al., 2008 ; Wang et al., 2007) . Th e threshold for TN (0.75 mg L −1 ) at the Red River basin was similar to values reported in the literature for diff erent biological response variables (0.3 to ?2 mg L −1 ; e.g., see Black et al., 2011; Evans-White et al., 2009; Chambers et al., 2012) .
We showed that hierarchical structure existed with sestonic chl-a and TN, TP, and conductivity (r 2 = 0.56), and the thresholds in the regression tree model were similar to that observed when assessed individually. Although CART analysis is inherently designed to identify hierarchy in predictor variables in large datasets (De' Ath and Fabricius, 2000) , this capability has rarely been applied in analyses of nutrient threshold datasets. However, information gleaned from this hierarchy potentially could be useful in considering criteria. For example, in the Red River basin, at least 10 sites had median chl-a concentrations that exceeded 10 μg L −1 when TP concentrations were less than 0.14 mg L −1 (Fig. 3, top panel) . However, all 10 of these sites had TN concentrations that exceeded 0.75 mg L −1 (Fig. 3 , lower left panel). As a result, the combination of slightly lower TP concentrations, perhaps those more similar to those observed in other locations (0.05-0.1 mg L −1 TP), and TN concentrations exceeding 0.75 mg L −1 resulted in median chl-a concentrations that approached or exceeded 10 μg L −1 in more than 50% of sites. Th erefore, utilizing hierarchical structure as a tool for understanding large datasets may further inform the process of nutrient criteria development.
Confi dence intervals (95%) around the nutrient and conductivity thresholds with sestonic chl-a were calculated (see shaded areas around the change points, Fig. 3 ) following procedures outlined by Qian et al. (2003) and King and Richardson (2003) . Th ese confi dence intervals show the range of potential threshold values in TP, TN, and conductivity at which a changepoint occurred. Overall, variation in changepoints were within 10 to 25% error, and all three thresholds were statistically signifi cant (p < 0.05) according the bootstrapping permutation test. Nevertheless, the range of potential thresholds is another important source of information that should be considered by the states when and if nutrient criteria are developed based on these change points.
Th e overall goal of this project (including Longing and Haggard, 2010) was to provide the statistical analysis to help guide the state agencies responsible for water quality standards and numeric nutrient criteria. Th e fi rst step established in Longing and Haggard (2010) reported frequency distributions of TN, TP, and sestonic chl-a at various spatial levels (ecoregions to hydrologic unit code 8), where the 25th percentiles varied 0.02 to 0.07 mg L −1 for TP and 0.21 to 0.86 mg L −1 for TN. Th e next step was the relation between nutrients and biological response (sestonic chl-a) in this study, using simple linear regression and regression tree models, i.e., CART. Th e nutrient concentrations corresponding to 10 μg chl-a L −1 or threshold response were generally greater than the 25th percentiles for TP and TN recommended by the USEPA (2002) and reported by Longing and Haggard (2010) , although the TN ranges slightly overlapped. Recently, the USEPA (2010, 2011) released guidance on using nutrient (stressor) and biological response, procedures with which this project generally followed (when applicable).
Conclusions
Th e Red River is a transboundary, multijurisdictional basin, where water-quality standards oft en change at political boundaries and numeric nutrient criteria do not currently exist. Th e stressor-response relationships explored in this study suggest that numeric nutrient criteria within the ranges of 0.10 to 0.22 mg TP L −1 and 0.75 to 2.11 mg TN L −1 may control sestonic chl-a concentrations in the basin in the range of 10 μg L −1 or less. However, this assumes that the average physical conditions within the basin that may also infl uence algal biomass remain similar to the conditions that were present during the time of monitoring. Total P thresholds for the Red River basin were probably greater than other studies because of the relatively turbid nature of this system, and this should be taken into consideration in the development of numeric nutrient criteria for this multijurisdictional basin. However, it appears that TN thresholds in the Red River basin were within the range of thresholds reported in the literature. Th e numbers reported in this study are applicable to the streams and rivers within this larger basin and are not necessarily protective of other aquatic systems, such as Lake Texoma or the Gulf of Mexico. 
